We report a case of an 18-month-old girl with glycogen storage disease type Ib (GSD Ib). Her neutrophil counts had gradually decreased to less than 500/µL by the age of 3 years. However, there were no recurrent bacterial infections. Mutation analysis of the glucose-6-phosphate translocase (G6PT) gene revealed a compound heterozygous missense mutation (Ala148Val/Gly273Asp). (Korean J Pediatr 2009;52:1383-1387 
Introduction
Glycogen storage disease type I (GSD I) is caused by inherited defects of the glucose-6-phosphatase system, resulting in excessive accumulation of glycogen in the liver, kidney, and intestinal mucosa, and leading to inadequate hepatic glucose production through normal glycogenolysis and gluconeogenesis. There are two major subtypes of GSD I: GSD type Ia (MIM232200) is caused by the deficiency of glucose-6-phosphatase (G6Pase) catalytic activity, and GSD type Ib (MIM23220) is caused by a defect in the glucose-6-phosphate translocase (G6PT) 1, 2) . G6PT controls the entry of glucose-6-phosphate (G6P) into the lumen of the endoplasmic reticulum, where it is hydrolyzed to glucose and inorganic phosphate by one of the two G6Pases: the liver-, kidney-, and intestine-restricted G6Pases-α 1, 2) or the ubiquitously expressed G6P-ases-β 3, 4) . G6PT is expressed ubiquitously 2, 5) . The concerted action of GPT and G6Pases-α is required to maintain glucose homeostasis 2) tions 4, 6) . GSD Ia and GSD Ib patients manifest a nearly identical metabolic phenotype, but GSD Ib patients also suffer from neutropenia and myeloid dysfunction, and are susceptible to recurrent bacterial infections, aphthous stomatitis, and inflammatory bowel disease [7] [8] [9] . However, neutropenia is not manifested by all GSD Ib patients [10] [11] [12] . It has been proposed that GSD Ib patients without neutropenia may have G6PT mutations that result in residual transporter activity 10) .
Here, we report a case of an 18-month-old girl with GSD Ib, who had a history of frequent asthma and pneumonia, but there were no evidence of neutropenia, perianal abscess, or inflammatory bowel disease. Her neutrophil count counts gradually decreased to less than 500/uL by the age of 3 years. but no recurrent bacterial infections.
Mutation analysis of the patient's SLC37A4 gene (formerly called as G6PT1) revealed compound heterozygous missense mutations.
Case report
An 18-month-old girl with nonconsanguineous parents was admitted for evaluation of hepatomegaly. On physical examination, a rounded, "doll's face" appearance and a distended abdomen with an enlarged liver over one palm length below the costal margin were observed. Because the sequence analysis of G6Pase revealed no mutation, a liver biopsy was performed (Fig. 1) . Liver parenchyma showed hepatocytes with pale cytoplasm and conspicuous macrovesicular fatty changes in most hepatic lobules. No evidence of hepatitis nor fibrosis was present.
Hepatocytes were strongly positive for PAS stain, and negative for diastase-treated PAS stain, suggesting glycogen accumulation. Glycogen deposition was also confirmed by electron microscopy. The patient was diagnosed with GSD type I.
Mutation analysis of exon 4 of the G6PT locus revealed that the patient was compound heterozygous for two different mutations (Ala148Val/Gly273Asp). The Ala148Val mutation was inherited from the patient's mother ( Fig. 2A) and has been previously reported in a Korean patient with GSD Ib. The Gly273Asp mutation was inherited from the patient's father (Fig. 2B ) and has not been reported before.
The Gly273Asp mutation has been screened in 50 individuals with normal chromosomes and none had the same .
In addition to the above findings, GSD Ib is associated with chronic neutropenia and impaired neutrophil and monocyte function. Neutropenia results in recurrent bacterial infections, and oral and intestinal mucosal ulcers [7] [8] [9] . Splenomegaly has been reported in 35% of GSD Ib patients.
Splenomegaly is probably the result of extramedullary hematopoiesis and may also be a sign of frequent infections and active inflammatory bowel disease 13) .
The exact pathogenesis of neutropenia and neutrophil dysfunction in GSD Ib remains unknown. Reduced intracellular G6P levels could be expected to have a major impact on the myeloid and neutrophil cell activities 2) . Recent studies 4, 6, 14) suggested that neutrophil dysfunction is related, at least in part, to endoplasmic reticulum (ER) stress and increased apoptosis. Neutrophils express the ubiquitously expressed G6PT and G6Pases-β that together transport G6P into the ER lumen and hydrolyze it to glucose. Lack of functional G6PT or G6Pases-β would be expected to impair translocation into the ER lumen and reduce G6P availability, thus resulting in disruption of endogenous glucose production in the ER, and decreased intracellular levels of NADPH and increased levels of reactive oxygen species (ROS). Activation of apoptosis in GSDIb neutrophils is due to increased production of ROS 14) .
Dietary management and adjunctive pharmacotherapy for GSD Ib reduces hypoglycemia and suppresses secondary metabolic decompensation, but do not improve neutropenia, neutrophil dysfunction, or inflammatory bowel disease.
Granulocyte colony-stimulating factor (G-CSF) treatment increases neutrophil count and reduces the frequency of infections and severity of inflammatory bowel disease 13) .
Neutropenia may not be apparent in all GSD Ib patients [10] [11] [12] at the initial presentation, but it can develop at a later age 7, 15) , as shown in this case. In a European study 7) , neutropenia was documented in 64% of patients before the age of 1 year, but in 18% of patients, neutropenia was first noted between the ages of 6 and 9 years. GSD Ib is genetically heterogeneous disorder 15, 16) , several mutations predominate and vary according to population. W188R appears to be most common in Japanese patients 17) , whereas two mutations, namely, G339C and 1211delCT, appear to be prevalent in Caucasian patients 18) .
No correlation has been found between genotype and severity of disease 15) .
In the present case, the Ala148Val mutation inherited from the patient's mother, was previously reported in a Korean GSD Ib patient with neutropenia and inflammatory bowel disease 19) . Our patient also inherited a novel variation (Gly273Asp) from her father, which we presume, is a novel mutation.
Neutropenia is not manifested by all GSD Ib patients [10] [11] [12] and some GSD Ia patients suffer from mild neutropenia 20) . In patients with clinical and biological manifestations of GSD I, even if neutropenia is not evident, analysis of both the G6PC and GPT gene should be considered. 
